
08/810834 


C. ROBERT RHODES 
LARRY L COATS 
DAVfDE BENNETT 
EDWARD W RILEE, JR 
HOWARD A MacCORD, JR 
JACK B HICKS 
WILLIAM J. MASON 
JAMES L LESTER 
JEFFREY R. McFADDEN 
DAVID D BEATTY 
BENJAMIN S WtTHROW 
CLINTON H. HALLMAN, JR ' 
{Admitted to Va only) 
GILBERT J ANDIA, JR 
JOHN R OWEN 


RHODES, COATS & BENNETT, LLP. 

ATTORNEYS AT LAW 
909 GLENWOOD AVENUE 
POST OFFICE BOX 5 
RALEIGH, NORTH CAROLINA 27602 


(919) 832-3946 
FAX (91 9) 831-9056 

March 4, 1997 


VIA EXPRESS MAIL 

EXPRESS MAIL CERTIFICATION LABEL NO. EM5934Q7084US 


PATENTS, TRADEMARKS, COPYRIGHTS, 
TRADE SECRETS, LICENSING, 
UNFAIR TRADE PRACTICES 

GREENSBORO OFFICE: 
1600 FIRST UNION TOWER 
POST OFFICE BOX 2974 
GREENSBORO, NORTH CAROLINA 27402 
(910) 273-4422 
GREENSBORO FAX (910) 271 -2830 

WILMINGTON OFFICE: 
201 NORTH FRONT STREET, SUITE 604 
WILMINGTON, NORTH CAROLINA 28401 
(910)763-2382 
FAX (910)763-2386 


BOX PATENT APPLICATION 

Honorable Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 


FOR TREATING AN 
SEDIMENTATION AFTER 


Dear Sir: 

Enclosed please find the above-identified U.S. Patent Application which includes the 
following: 

1 . Specification and Claims 

2. Formal Inked Drawings (3 sets of 2 sheets) 

3. Patent Application Transmittal Letter 

4. Express Mail Certification - Label No. EM593407084US 

5. Postcard 

Enclosed is a check in the amount of $814.00 to cover the filing fee in this case. 


RE: U.S. Patent Application (Divisional) 

Inventors: Francoise Delsalle 

Nicolas Lepoder 
Patrick Binot 
METHOD AND INSTALLATION 
UNTREATED FLOW BY SIMPLE 
BALLASTING WITH FINE SAND 


In the event there are additional fees required in this case, then the Patent Office is 
requested to charge such fees to our deposit account, Deposit Account No. 18-1 167. 


Letter to BOX PATENT APPLICATION 

Honorable Commissioner of Patents 

and Trademarks 
March 4, 1997 

Page 2 


If there are any questions concerning this application, the Patent Office is requested to 
telephone the undersigned. 


Respectfully submitted, 


RHODES, COATS & BENNETT, LLP 




LLC:rcg 


Enclosures 


P-401 3.002 


IN THE UNITED STATES PATENT AND TRADEMARK OFFI D8/810834 
In re Application of: 


Franccoise Delsalle et 

Serial No. 

Filed: 



Express Mail Certification 
Label No. EM593407084US 


For: METHOD AND INSTALLAT] 

TREATING AN UNTREATED FLOW BY 
SIMPLE SEDIMENTATION AFTER 
BALLASTING WITH FINE SAND 

Attorney's Docket No. P-4013.002 


Honorable Commissioner of Patents and Trademarks 
BOX PATENT APPLICATION 
Washington, D.C. 20231 


Raleigh, North Carolina 
March 4, 1997 


Sir: 


EXPRESS MAIL" CERTIFICATE LABEL NO. EM593407084US 
DATE MAILED: March 4, 1997 


I hereby certify that the enclosed U.S. Patent Application, 3 sets of 2 
; sheets of formal inked drawings, Cover Letter, and our Check #11736 in the amount 
; of $814.00, are being deposited with the United States Postal Service "Express Mail 
; Post Office to Addressee" service under 37 C.F.R. §1.10 on the date indicated above 
land is addressed to Honorable Commissioner of Patents and Trademarks, BOX PATENT 
[ APPLICATION, Washington, D.C. 20231. 

Respectfully submitted, 


RHODES, COATS & BENNETT, L.L.P 


By: 



Coat 

Registration No. 25,620 


Telephone: (919) 832-3946 


Utf/810834 

"^RESS MAIL - LABEL NO* EM593407084US 
DATE MAILED: 3/4/97 

METHOD AND INSTALLATION FOR TREATING AN UNTREATED FLOW 
BY SIMPLE SEDIMENTATION AFTER BALLASTING WITH FINE SAND 

Cross-Reference To Related Application 

_s is a divisional patent application of U.S. Patent 
^5£$recation Serial No. 08/431,833, filed May 1, 1995, entitled 
METHOD AND INSTALLATIOISLJEQR TREATING AN UNTREATED FLOW BY SIMPLE 



SEDIMENTATION AFTER BALLASTING WITH FINE SAND. 



The present invention concerns a method of and an installation 


BACKGROUND OF THE INVENTION 


FIELD OF THE INVENTION 


08/81083* 


for separating solids and liquids (in particular, but 


not 


exclusively, for clarifying or purifying effluent) by coagulation, 
f locculation, and sedimentation without separator plates (i.e. 
simple sedimentation) . 


This invention is in the tradition of techniques for treating 
effluent by physical-chemical treatment (with formation of floe) 
followed by sedimentation (referred to as physical -chemical 
sedimentation for short) . 

The first simple physical-chemical sedimentation devices 
allowed operation at a "mirror" rate (i.e. the flowrate treated in 
M 3 /h per unit surface area of the sedimentation device in M 2 ) on the 
order of one meter per hour; this upper limit was imposed by the 
lightness of the physical-chemical floe and the low settling speed 
of the floe in effluent. 

French Patent 1,411,792 discloses a major improvement 
consisting in the simultaneous addition to the effluent to be 
treated of auxiliary solid clarification agents (for example fine 
sand with a particle size from 20 \xm to 200 jum) , a polymer and 
optionally other chemical products routinely used in purification of 
effluent (f locculation agents) . 


DESCRIPTION OF THE PRIOR ART 
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The floe that forms traps grains of sand which increase its 
density and therefore its settling speed; the effluent charged with 
floe flows into a sedimentation reactor from which it overflows 
(whence a decreasing field of speed from the entry at the bottom to 
the exit at the top) ; settling speeds in the order of 6 m/h to 8 m/h 
are routinely achieved in installations using this principle (these 
installations are usually called "CYCLOFLOC" installations) . 

The sand is recovered, for example by hydrocycloning of the 
sandy sludge, and recycled to the entry of the installation. 

French Patents 2,553,082 and 2,071,027 describe a technique in 
which contact between the untreated effluent and the granular 
material is brought about by upward flow of the untreated effluent 
through a fluidized bed of the granular material (sand, in 
practice) , with an upward speed that decreases continuously, and 
with the concentration regulated with the aid of a sample taken in 
the fluidized bed of a purge of sand laden with sludge which is 
recycled after separating the sludge. Separator plates are provided 
to improve sedimentation above the fluidized bed. 

The benefits of using inclined separator plates for treatment 
of effluent is discussed in many documents including U.S. Patent 
Nos. 4,142,970; 4,290,898 and 4,388,195. 

"FLUORAPID" sedimentation units using the above principle can 
achieve mirror speeds up to 8 m/h to 15 m/h. 

Another sedimentation method is described in French Patent 
2,552,082; this method does not use sand; instead a thickening and 
sedimentation intermediate chamber is provided between a reaction 
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chamber (f locculation and/or precipitation) and a sedimentation 
chamber with separator plates . The reaction chamber has two 
chambers in communication at their top and bottom ends and an axial 
flow screw causing a strong flow between the two chambers. The 
reaction chamber also receives some of the sludge recovered from the 
bottom of the intermediate chamber. 

The effluent charged with floe overflows into the upper part 
of the intermediate chamber in which the floe is thickened and in 
which 85% to 90% of the floe is deposited on the bottom of the 
chamber. The partially clarified effluent then enters a 

sedimentation chamber with separator plates for further 
sedimentation. It seems that speeds in the order of 3 5 m/h can be 
obtained in this way if the constraints in terms of treated effluent 
quality are moderate. 

A more recent proposal is a treatment method also directed to 
increasing the sedimentation outlet speed without compromising the 
quality of the treated effluent and is described in U.S. Patent No. 
4,927,543; this method is implemented using installations usually 
called "ACT I FLO " installations. 

In this method the effluent is injected into a stirred chamber 
for mixing and destabilizing the colloids into which the granular 
material (fine sand, in practice) and the reagents are also fed. 
The mixture of effluent, sand, reagent and floe being formed is then 
passed into a stirred intermediate aggregation chamber in which the 
floe that began to form in the mixing chamber increases in size 
without settling. The mixture of effluent and aggregated floe is 
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then fed into a sedimentation chamber with separator plates. The 
mixture of sand and sludge recovered from the bottom of the 
sedimentation chamber with separator plates is hydrocycloned and the 
sand is recycled to the mixing chamber. 

This method produces effluent of excellent quality with mirror 
settling speeds up to around 10 0 meters per hour. 

It is clear that the successive advances resulting from the 
techniques mentioned above consist, for a given quality of treated 
effluent, in an increase in the settling speed, firstly using 
ballasted floe (CYCLOFLOC) , then by combining the use of 
sedimentation using separator plates with floe ballasted with sand 
(FLUORAPID) or sludge that has previously settled, and finally by 
improving the quality of preparation of the floe through use of 
specific stirring conditions, again in combination with 
sedimentation using separator plates (ACT I FLO) . 

Thus all the recent methods described in the literature, 
including the ACT I FLO method, are based on the use of separator 
plates for sedimentation wherever mirror settling speeds in excess 
of 15 m/h, for example, are required. 

These separator plates represent a non-negligible element of 
the cost of the installation, both through their inherent cost and 
through the resulting installation and cleaning constraints. 

The present invention is therefore directed to improving the 
overall economy of sedimentation by eliminating the separator plates 
without compromising the quality of the treated effluent. 
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In a manner that the person skilled in the art will find 
surprising and unexpected, we have discovered that careful physical- 
chemical preparation of the floe around a granular ballasting 
material of the type proposed in U.S. Patent No. 4,927,543 can yield 
high settling speeds despite the absence of separator plates and 
therefore results in a process that is more economical and simpler 
than existing processes. 

As explained below, the floe formed by the method of the 
invention yields mirror speeds of as much as several tens of meters 
per hour, which is very much greater than the speeds of at most 
around ten meters per hour obtained with floes produced using the 
CYCLOFLOC method, combined with treated effluent of very high 
quality . 

SUMMARY OF THE INVENTION 

The invention proposes a method of treating an untreated flow 
of liquid charged with particles and/or colloids wherein: 

the untreated flow is caused to flow in a first or 
coagulation zone that is kept turbulent and in which the flow is 
mixed in controlled proportions with a coagulant reagent, 

the coagulated flow and a granular material added in 
controlled proportions and which is insoluble in and more dense than 
the flow are caused to flow in a second or intermediate zone in 
which turbulence is maintained in order to maintain the granular 
material in suspension while colloids or particles in the flow 
aggregate around particles of the granular material; 
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the flow with substantially all of the added granular 
material and the colloids or particles aggregated therein is caused 
to flow in a third or sedimentation zone in which a clarified 
effluent is separated from sludge consisting of the granular 
material and the aggregated colloids; 

- the sludge is collected, the granular material is extracted 
from it to recycle it and the sludge is extracted without granular 
material ; 

wherein the sedimentation zone in which the clarified effluent 
and the sludge are separated has an undivided flow cross-section and 
the flow laden with granular material and with aggregated material 
is caused to flow therein at an average settling speed of at least 
15 m/h. 

The untreated flow is preferably effluent to be treated. 

Thus the granular material is added in the intermediate zone 
at the latest. It can be fed into the coagulation zone; it can be 
fed in at more than one location (the coagulation zone and the 
intermediate zone) . 

The mean speed (mirror speed) concept mentioned above arises 
out of the fact that the flow of effluent to be treated fluctuates 
in practice. 

In other words, sedimentation is effected freely without 
closely spaced subdividing mechanical members such as separator 
plates in the path of the flow. Distribution members such as 
partitions or troughs can of course be provided for reasons of 
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hydraulic control, dependent on the geometry of the sedimentation 
zone . 

In accordance with preferred features of the invention some of 
which may be combined with others: 

- the granular material is fine sand; 

- the mean particle size of the sand is between approximately 
20 (LLm and approximately 3 00 jam, preferably between 8 0 jum and 2 00 |um; 

- the settling speed is at least 35 m/h; 

- the speed gradient in the intermediate zone is between 7 0 s" 1 
and 450 s" 1 , preferably between 150 s" 1 and 250 s" 1 ; 

- a flocculant agent is fed into the untreated flow in a first 
part of the intermediate zone or flocculation zone which is kept 
turbulent, the remainder of the intermediate zone constituting a 
maturation zone in which aggregation of the particles and colloids 
is completed; 

- further flocculant agent is fed into the maturation zone; 

- at least some of the granular material is fed into the 
flocculation zone; 

the flocculation zone is stirred with a speed gradient 
between approximately 10 0 s" 1 and approximately 450 s" 1 , preferably 
between 200 s" 1 and 250 s" 1 ; more preferably in the order of 
approximately 2 00 s" 1 ; 

- the speed gradient in the maturation zone is less than the 
speed gradient in the flocculation zone; 
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- the speed gradient in the maturation zone is between 70 s" 1 
and 3 00 s~\ preferably between 150 s -1 and 200 s" 1 , and more 
preferably in the order of approximately 15 0 s" 1 to 200 s" 1 ; 

- a cyclone or vortex is generated in the sedimentation zone 
by feeding the flow from the second zone from a predetermined side 
of a vertical axis of symmetry of the sedimentation zone; and 

the granular material is separated from the sludge by 
hydrocycloning, screening or centrif uging . 

The speed gradient G (s _1 ) is expressed by the formula: 
G = (P/^i.V)* 

where 

P = power dissipated in the liquid (Watts) , 

jj, = viscosity of the liquid (Pa.s) , and 

V = volume of the liquid (m 3 ) . 
The existence of minima and maxima thresholds for the speed 
gradient values stated above is explained by the fact that the 
granular material must be kept in suspension, contact between small 
floe being formed with floe already formed around particles of 
granular material must occur at high relative speeds and shear 
stresses must be reduced to levels which do not cause any 
significant deterioration of the floe that is formed. 

The invention also proposes an installation for treating an 
untreated flow of liquid, including in series: 

a first coagulation zone having a main entry channel 
connected to a source of untreated flow and a secondary channel 
connected to a source of coagulant reagent, 


- stirrer means in the coagulation zone, 

- a second or intermediate zone communicating with the first 

zone ; 

- second stirrer means in the intermediate zone; 

a secondary channel connected to a source of granular 
material that is insoluble in and more dense than the untreated 
flow, discharging into the coagulation zone or into the intermediate 
zone , 

- a third or sedimentation zone communicating with the second 
zone and having in its upper part an outlet channel for clarified 
effluent and in its lower part a sludge removal channel; and 

- a separation zone adapted to recover the granular material 
in the sludge and having an outlet channel connected to the source 
of granular material; 

wherein the sedimentation zone has an undivided flow cross 
section and dimensions, given a predetermined inlet flowrate value, 
such that the average mirror speed therein is at least 15 m/h. 

The coagulation zone is in practice a tank but it must be 
understood that this zone can instead be formed by a portion of pipe 
into which the coagulant reagent is injected, the stirring required 
for coagulation possibly being generated by a bend in the pipe, a 
drop, a static mixer or any other device enabling the coagulant 
reagent to be brought quickly into contact with the entire flow. 


10 


In accordance with preferred features of the installation of 
the invention, some of which may be combinable with others: 

- the sedimentation zone has dimensions such that the mirror 
speed therein is at least 35 m/h; 

- the stirrer means of the intermediate zone are connected to 
means adapted to generate by means of the stirrer means speed 
gradients between 70 s" 1 and 450 s' 1 ; preferably between 150 s" 1 and 
250 s~\ 

the intermediate zone includes a flocculation zone into 
which a coagulated flow inlet channel and an inlet secondary channel 
connected to a source of flocculant agent discharge, followed by a 
maturation zone ; 

- the maturation zone includes a flocculant agent inlet second 
channel ; 

the secondary inlet channel connected to the source of 
granular material discharges into the flocculation zone; 

the second stirrer means in the intermediate zone are 
connected to means adapted to generate by means of the second 
stirrer means speed gradients in the flocculation zone between 
approximately 10 0 s" 1 and approximately 450 s" 1 , preferably between 
200 s" 1 and 250 s" 1 , and speed gradients in the maturation zone 
between approximately 7 0 s" 1 and approximately 3 00 s" 1 , preferably 
between 150 s" 1 and 200 s" 1 ; 

- the sedimentation zone is a circular cross section chamber; 

the maturation zone is a chamber at the center of the 
sedimentation zone; 
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- the maturation zone: 

i) is connected at its entry end to a downwardly extending 

tube ; 

ii) contains a wall in front of the outlet of the tube and 
adapted to be crossed by underflow; and 

iii) is surrounded by an upwardly projecting tubular wall, the 
outlet channel for clarified effluent extending from the upper zone 
of the sedimentation zone to the exterior of the tubular wall; 

- the maturation zone communicates with the sedimentation zone 
via a tube discharging into the sedimentation zone away from a 
vertical axis of symmetry of the latter, so as to generate a cyclone 
or vortex; 

sedimentation zone is circular and the tube discharges 
therein tangentially; 

- the sedimentation zone has in a central position a tubular 
wall communicating with a clarified effluent removal trough, the 
tubular wall can have no bottom and can be bordered in its upper 
part by a gutter communicating with the trough; the wall can also 
have a bottom and communicate directly with the removal trough, for 
example via the bottom. 

One installation constructed according to this principle has 
been operated with mirror settling speeds in the order of 50 m/h and 
possibly up to 100 m/h and above. 

There was previously nothing to suggest the possibility of 
obtaining such settling speeds without using a sedimentation plant 
including separator plates. 


To the contrary, using Stokes formula to evaluate the settling 
speed of spherical particles of sand (density 2.65 T/m 3 ) in effluent 
gives speeds in the order of 3 0 m/h for particles 100 jam in diameter 
or 8 m/h for particles 50 \xm in diameter. 

As already emphasized above, obtaining high settling speeds 
(say greater than 15 m/h) has systematically been attempted until 
now by combining the use of separator plates with a particular way 
of preparing the floe. 

It is nevertheless apparent that careful preparation of the 
floe around the granular material has a synergistic action when 
combined with the inherent settling speed of the pure granular 
material, and that the increase in diameter resulting from 
flocculation has a positive effect on the settling speed which, by 
virtue of the compactness of the floe resulting from its particular 
mode of preparation, is greater than the negative action of the 
reduction in the density of the floe compared to that of the pure 
granular material . 

Objects, features and advantages of the invention will emerge 
from the following description given by way of non- limiting example 
with reference to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagrammatic elevational view of a first 
effluent treatment installation of the invention; 

Figure 2 is a diagrammatic elevational view of a second 
effluent treatment installation of the invention; 
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Figure 3 is a diagrammatic plan view of part of the second 
installation; 

Figure 4 is a diagrammatic elevational view of a third 
effluent treatment installation of the invention; 

Figure 5 is a diagrammatic plan view of the third 
installation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 is a diagrammatic representation of a effluent 
treatment installation 10 embodying in series: 

- a first chamber or coagulation zone 11A having a main inlet 
channel 12 connected to a source of effluent to be treated and a 
secondary channel 13 connected to a source of coagulant reagent 13A; 

- at least one stirrer means 16 in this coagulation zone; 

- a second or intermediate zone communicating with the first 
zone, here by means of an underflow (in an alternative embodiment, 
not shown, this communication could of course be by means of an 
overflow) , and connected by respective secondary channels 14 and 15 
to a source 14A of flocculant agent and to a source 15A of a 
granular material that is insoluble in effluent and is more dense 
than effluent; 

- at least a second stirrer means in this intermediate zone, 
connected to means adapted to generate in all of this zone speed 
gradients in the order of at least approximately 70 s" 1 to 
approximately 450 s -1 , preferably in the order of approximately 15 0 
s" 1 to approximately 250 s" 1 ; 
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a third or sedimentation zone 21 communicating with the 
second zone (here by means of an overflow) and having in its upper 
part an outlet channel 22 for clarified effluent and in its lower 
part a sludge removal channel 23, here provided with a pumping unit 
24; 

a separation zone constituting here the source 15A of 
granular material, adapted to recover the granular material in the 
sludge and having a sludge outlet channel 15B and a granular 
material outlet channel 15C. Separation can be obtained by any 
appropriate known means available to the person skilled in the art 
for separating the recycled sand from the sludge, including 
hydrocycloning, screening and centrif uging . 

In this example the sedimentation zone or chamber has a 
circular cross section (it can be any other shape, with hoppers at 
the bottom for removing the sludge) and advantageously has a scraper 
25 running along the conical bottom of this zone and rotated by a 
motor 26, usually at a low speed so that in practice its peripheral 
speed is less than or equal to about 10 cm/s . 

A trough 2 7 for recovering clarified effluent is provided in 
the upper part of the sedimentation chamber. 

In accordance with the invention the sedimentation zone has an 
undivided flow cross section, i.e. it does not feature any 
mechanical members dividing the flow on approaching the clarified 
effluent outlet channel. Thus there are no separator plates in the 
sedimentation zone. Distribution members such as partitions or 
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troughs can of course be provided for reasons of hydraulic control, 
depending on the geometry of the sedimentation zone. 

However, the sedimentation chamber is dimensioned to suit a 
nominal flowrate Q of effluent to be treated such that the w mirror 
speed" Vm in this chamber is at least 15 m/h, and preferably at 
least 35 m/h. 

In other words, the sedimentation chamber has a horizontal 
cross section S such that: 

Q/S > 15 m/h 

The coagulant is of any appropriate known type (for example 
ferric chloride or aluminum sulfate) . 

The intermediate zone is formed in this example by two 
chambers in series: a flocculation chamber 11B into which the second 
flocculant agent entry channel 14 and the granular material entry 
secondary channel 15 discharge and a maturation zone 18. 

In an alternative embodiment, not shown, the maturation zone 
includes a secondary channel connected to the source 14A for further 
addition of flocculant agent. 

The flocculant agent is of any appropriate known type (for 
example the anionic and/or cationic polyelectrolyte type) . 

In an alternative embodiment, not shown, the granular material 
entry secondary channel 15 discharges into the first chamber 11A, or 
even into the discharge maturation chamber 18, or even into more 
than one of the chambers 11A, 11B and 18. It is preferable for the 
granular material to be fed into the first chamber 11A and/or into 
the flocculation chamber 11B. 
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In this example the chambers 11A and 11B are of similar size, 
within a battery 11. 

Each of the flocculation chamber 11B and the discharge and 
maturation 18 has a stirrer, the speed gradient being in principle 
maximum in the flocculation zone. The flocculation chamber 11B has 
a stirrer 17 driven by a motor, not shown, at a speed adapted to 
generate a speed gradient between 10 0 s" 1 and 450 s" 1 , preferably 
between 2 00 s" 1 and 250 s _1 , and the discharge and maturation chamber 
18 includes a stirrer 19 driven by a motor 20 at a speed adapted to 
generate a speed gradient between 7 0 s" 1 and 300 s" 1 , preferably 
between 150 s" 1 and 200 s" 1 . 

The granular material is preferably sand (easy to obtain at 
low cost) with a mean particle size between about 20 jam and 300 jam, 
preferably between 8 0 jam and 2 00 (am. 

Figures 2 and 3 show a different embodiment of the invention. 
They show an installation 3 0 in which elements analogous to those of 
figure 1 have the same reference numbers increased by 20. 

The main difference compared to figure 1 is that, although the 
coagulation and flocculation zones are outside the zone 41, as 
previously, the maturation zone 3 8 is at the center of the 
sedimentation zone 41, communicating with the flocculation zone 3 IB 
via a downwardly extending tube {or trough) 45'; a partition 46' 
facing the outlet from this tube is adapted to cause downward flow 
of the fluid mass as far as the bottom of the maturation chamber 38. 

The fluid mass leaves the intermediate chamber via an 
overflow . 
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To prevent any of the fluid mass from escaping directly to the 
outlet channel 42 a tubular partition 47' is provided around the 
intermediate chamber, its upper edge being higher than the normal 
level of the fluid mass in the sedimentation chamber. 

Because of the steep inclination (typically exceeding 55°) of 
the bottom, the conical bottom of the sedimentation chamber has no 
scraper in this embodiment. 

Compared to that of figure 1, the configuration of figures 2 
and 3 has the advantage of being more compact when added to an 
existing installation and of enabling better distribution in the 
sedimentation zone. 

Figures 4 and 5 show another embodiment of the invention. They 
show an installation 50 in which elements analogous to those of 
figure 1 have the same reference numbers increased by 40. 

The main difference compared to figure 1 is that the outlet 
from the maturation chamber 58 is a tube 65 which discharges 
laterally into the sedimentation chamber 61, away from and 
transversely to its vertical axis of symmetry. To be more precise, 
the tube 65 advantageously discharges tangentially to the lateral 
wall of the sedimentation chamber 61, producing a cyclone or vortex 
which helps to accelerate sedimentation. 

At the center of the chamber is a bottomless tubular wall 66 
over the top of which overflows clarified effluent which is 
collected by an annular gutter 67 connected to a take-off trough 68. 
As an alternative, the tubular wall 66 can have a bottom (as 
symbolized by the chain-dotted line 70) hydraulically isolating the 
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interior of this wall from the remainder of the sedimentation unit, 
and the clarified effluent overflows this wall before it is removed 
via the trough 62 which in this example runs direct from the inside 
of this wall . 

The presence of two successive chambers in the intermediate 
zone of figures 1 through 5 is explained by the fact that in the 
case of effluent charged with colloidal organic material it has been 
found that a preferred method of forming the floe to obtain settled 
effluent of better quality is to feed the coagulant agent intended 
to destabilize the colloidal solution (usually a high valency metal 
salt or a cationic polymer) at the start of the preparation process, 
mixed with the untreated effluent by stirring or by static mixing. 
After this first destabilizing mixing the flocculant polyelectrolyte 
is injected into the stirred flocculation zone with a relatively 
high speed gradient (between 100 s" 1 and 450 s _1 , preferably around 
200 s" 1 ) , enabling the microf loc resulting from coagulation to gather 
and to trap particles of granular material held in suspension. 

Finally, the mixture of effluent and floe is fed into the 
maturation chamber, stirred with a speed gradient of approximately 
70 s" 1 to approximately 3 00 s" 1 , preferably in the order of 
approximately 150 s" 1 . In the maturation chamber the floe aggregates 
to an optimum size between about 0.5 mm and about 2.5 mm, depending 
on the quality of the incoming effluent. The time it remains in the 
coagulation zone can be very short, depending mainly on the quality 
of the mixing that takes place in this zone (this time is usually 
between a few seconds and three minutes or even more (up to 10 
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minutes), preferably from 3 0 seconds to 1.5 minutes at the peak 
f lowrate) . 

The time in the flocculation zone is advantageously between 
0.5 minutes and four minutes, or even more (up to 10 minutes), 
preferably 1.5 minutes to two minutes at the peak f lowrate) ,- the 
time spent in the maturation zone is between two minutes and eight 
minutes, or even more, up to 18 minutes (preferably three minutes to 
six minutes at the peak f lowrate to be treated) . 

It will be understood that dispensing with separator plates in 
the sedimentation zone eliminates the installation constraints 
associated with the separator plates. For example, a round shape 
can be chosen for the sedimentation chambers. 

The invention combines preparation in a series of at least two 
chambers (flocculation and maturation, if the coagulation is carried 
out in-line beforehand) , and preferably in three chambers 
(coagulation, flocculation, maturation as in the above examples) , 
the tanks being rectangular or cylindrical, with simple 
sedimentation in a rectangular or cylindrical tank, depending on 
installation or civil engineering constraints. 

The embodiment without separator plates of figures 4 and 5 
combines physical- chemical preparation of the ballasted floe 
described above with enhanced sedimentation in a cyclone or vortex 
type sedimentation unit . 
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This type of sedimentation unit has been tested in natural 
sedimentation and, without using separator plates, increases the 
mirror speeds that can be achieved: its use in combination with 
careful physical -chemical preparation of a dense ballasted floe as 
described above improves sedimentation performance compared to 
simple sedimentation. 

A pilot installation has been constructed with the following 
parameters : 

- flocculation tank: 4 m 3 with vigorous stirring (~ 50 W/m 3 , 
i.e. a speed gradient of around 22 0 s" 1 ) into which ferric chloride 
is fed, 

- injection tank: 4 m 3 , also with strong stirring (~ 50 W/m 3 , 
i.e. a speed gradient of around 220 s" 1 ) into which an anionic 
polymer and sand with a grain diameter of 13 0 |um from the underflow 
of a hydrocyclone separating the extracted sludge from the 
recirculating sand are fed; 

- maturation tank: 15 m 3 stirred more slowly (~ 35 W/m 3 , i.e. 
a speed gradient of around 190 s _1 ) ,- 

- sedimentation tank: rectangular cross section 1.94 m x 1.1 
m = 2 . 1 m 2 (mirror surface), height 1.5 m, front fed at the bottom 
and equipped with a pyramid-shape hopper with flushed sludge and 
sand removal ; 

- treated effluent recovered from a central trough 0.5 m wide. 


21 


The table below summarizes the results of two tests: 



TEST 1 

TEST 2 

Flowrate 

100 m 3 /h 

2 00 m 3 /h 

Ferric chloride 

60 mg/1 (pure product) 

6 0 mg/1 (pure product) 

Coagulation time 

2 . 6 minutes 

1 . 3 minutes 

Polymer 

0 . 9 mg/1 

0 . 9 mg/1 

Sand 

8 kg/m 

4 . 6 kg/m 3 


2 . 6 minutes 

1 . 3 minutes 

Maturation time 

9 minutes 

4 . 5 minutes 

Mirror speed 

45 m/h 

90 m/h 

Sludge removal rate 

10% 

5% 

Inlet MIS 

255 mg/1 

114 mg/1 

Outlet MIS 

31 mg/1 

30 mg/1 

Yield 

87 .8% 

73.7%% 


Compared to test 1, test 2 represents a "high" flowrate and a 


w low" concentration of materials in suspension (MIS) . 

The table shows the excellent efficiency in reducing MIS with 
high mirror speeds (45 m/h and 90 m/h) . 

It goes without saying that the foregoing description has been 
given by way of non- limiting example only and that numerous variants 
can be put forward by the person skilled in the art without 
departing from the scope of the invention. For example, the 
invention can be generalized to the treatment of any other liquid 
charged with particles or colloids, for example baths for surface 
treatment of metals in the iron and steel industry. 
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CLAIMS 

What Is Claimed Is: 

1. A method for removing solids from an influent liquid 
comprising the steps of: 

a) directing the influent liquid to a coagulation zone 
and mixing therein a coagulant with the influent 
liquid to form a mixed liquid; 

b) adding an insoluble granular material having a 
density greater than the influent liquid; 

c) directing the mixed liquid to an intermediate zone 
and mixing the liquid so as to maintain the granular 
material in suspension within the intermediate zone; 

d) directing the mixed liquid to a sedimentation tank 
having no separator plates disposed therein and 
separating the granular material and solids from the 
mixed liquid through a settling process resulting in 
settled sludge being formed in a lower portion of 
the sedimentation tank; 

e) maintaining within the sedimentation tank an average 
mirror rate greater than 15 m/h while producing a 
clarified effluent having at least a 60% reduction 
in suspended solids relative to the influent liquid; 
and 

f ) directing the settled sludge from the sedimentation 
tank to a separation zone and separating the 
granular material from the sludge and recycling the 
granular material through the sedimentation process. 
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2. The method of claim 1 including the step of maintaining 
within the sedimentation tank an average mirror rate of at least 35 
m/h while producing clarified effluent having at least a 65% 
reduction in suspended solids relative to the influent liquid. 

3. The method of claim 1 including the step of maintaining 
within the sedimentation tank an average mirror rate of at least 90 
m/h while producing clarified effluent having at least a 70% 
reduction in suspended solids relative to the influent liquid. 

4. The method of claim 1 wherein said influent liquid is 
wastewater . 

5. The method of claim 1 wherein said influent liquid is 
untreated water. 

6. The method of claim 1 wherein said granular material is 

sand. 

7 . The method of claim 6 wherein said sand has a mean 
particle size of between approximately 20 jam and 300 jam. 

8 . The method of claim 7 wherein said sand has a mean 
particle size of between 100 jum and 200 urn. 

9. The method of claim 1 including the step of producing 
speed gradients in the intermediate zone in the range of 70 s" 1 to 
450 s" 1 . 

10. The method of claim 1 including the step of producing 
speed gradients in the intermediate zone in the range of 150 s -1 to 
250 s" 1 . 

11. The method of claim 1 wherein the intermediate zone 
includes a flocculation zone and a maturation zone; and wherein the 
process further includes the step of directing a flocculation agent 
into the flocculation zone and mixing the mixed liquid and the 
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flocculation agent therein prior to the mixed liquid being directed 
to the maturation zone. 

12. The method of claim 11 further comprising the step of 
directing a flocculation agent into the maturation zone. 

13. The method of claim 11 including the step of directing 
the granular material into the flocculation zone and mixing the 
granular material with the mixed liquid within the flocculation 
zone . 

14. The method of claim 13 including producing speed 
gradients within the flocculation zone in the range of 100 s -1 to 450 
s" 1 and producing speed gradients within the maturation zone in the 
range of 70 s" 1 to 300 s" 1 . 

15. The method of claim 11 wherein the maturation zone is 
disposed generally at the center of the sedimentation tank. 

16. The method of claim 1 including directing the mixed 
liquid from the intermediate zone along a circular outer wall that 
forms a part of the sedimentation tank such that the mixed liquid 
flows around the sedimentation tank in a cyclonic fashion. 

17. The method of claim 16 further including the step of 
directing liquid from the sedimentation tank upwardly through an 
open bottom central flow chamber disposed generally centrally within 
the sedimentation tank and out the flow chamber to a point exterior 
to the sedimentation tank. 

18. The method of claim 1 wherein there is provided a flow 
directing baffle, having a lower terminal edge, interposed between 
the intermediate zone and an outlet associated with the 
sedimentation tank, and further comprising the step of directing the 
mixed liquid from the intermediate zone around a lower terminal edge 
of said flow directing baffle in an unrestricted manner. 
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19. The method of claim 18 wherein the intermediate zone 
includes an outer wall structure that is disposed in general 
parallel relationship with the flow directing baffle, and wherein 
the lower terminal edge of the baffle is spaced with respect to the 
sedimentation tank such that flow around the lower terminal edge of 
the baffle and between the baffle and the sedimentation tank is 
unrestricted. 

20. A method for removing solids from an influent liquid 
carried out in a sedimentation system having an intermediate mixing 
zone, a sedimentation tank, and a flow directing baffle disposed 
between the intermediate mixing zone and the sedimentation tank and 
which defines downflow and upflow zones on opposite sides of the 
baffle, the method comprising the steps of: 

a) directing an influent liquid to a coagulation zone 
and mixing a coagulant with the influent liquid so 
as to form a mixed liquid; 

b) adding an insoluble granular material having a 
density greater than the density of the influent 
liquid; 

c) directing the mixed liquid to an intermediate zone 
and maintaining the granular material in suspension 
within the intermediate zone; 

d) directing the mixed liquid from the intermediate 
zone to the sedimentation tank and directing the 
liquid downwardly through the downflow zone and 
around the lower terminal edge of the flow directing 
baffle in an- unrestricted manner; 
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e) separating the granular material and solids from the 
mixed liquid through a settling process as the 
liquid moves within the sedimentation tank resulting 
in settled sludge being formed in a lower portion of 
the sedimentation tank; and 

f) directing the settled sludge from the sedimentation 
tank to a separation zone and separating the 
granular material from the sludge and recycling the 
granular material through the sedimentation process. 

21. The method of claim 20 further comprising the step of 
directing a flocculation agent to the intermediate zone. 

22. The method of claim 20 wherein at least a portion of the 
intermediate zone is disposed centrally within the sedimentation 
tank and wherein the intermediate zone includes a chamber having a 
surrounding wall structure that lies in general parallel 
relationship with the flow directing baffle. 
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ABSTRACT OF THE DISCLOSURE 

In a method of treating an untreated flow of liquid charged 
with particles and/or colloids, the flow is caused to flow in a 
coagulation zone that is kept turbulent and in which the flow is 
mixed with a coagulant. The untreated flow and a granular material 
which is insoluble in and more dense than the flow are caused to 
flow in an intermediate zone in which the granular material is 
maintained in suspension. The flow with substantially all of the 
added granular material and the colloids or particles aggregated 
therein is caused to flow in a sedimentation zone in which a 
clarified effluent is separated from sludge consisting of the 
granular material and the aggregated particles or colloids. The 
sedimentation zone has an undivided flow cross section, with no 
separator plates and the effluent is caused to flow therein at an 
average settling speed of at least 15 m/h. 
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